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Directing Cells to Target Tissues or Organs 

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 
No f 

No. HL50470 and HL71970 a,varded by National Institute Of Health. 

^ TECHNICAL FIELD 

'^«i'^-««tionxelatesgeneraIlytodirectingceUs,andmorespecifi^^ 
durectmg cells to injured or diseased tissues or organs. 

BACKGROUND 

OOmchvidualspasttheageofTOyears. Mechanical overload resulting from regional 
loss of fiinctioning myocardium secondary to infarct can result in asymptomatic left 

ventricular dysfunction oflong duration. During this time, myocyte hypertrophy is 

<^--o°Jyseen.butcontractilefimctionofisolatednlyocytesmayremainnormd 
15 abnormal chamber function. However, prolonged overload often leads to the 
development of overt congestive heart failure and the appearance of contractile 

dysfimction ofisolated myocytes. Inageneral sense, the molecular and ceUular basis f^ 
the syndrome of progressive heart failure results from the inability of damaged and 
apoptotic myocytes to be replaced, since cardiac myocytes are generally thought to be 
20 termmally differentiated. 
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SUMMARY 

The invention establishes a system for directing and non-invasive tracking of 

tm^splanted stem cells wvo. Stem cells can be tagged and labeled to dire^^ 
cells to the target tissue or organ and to monitor their location, respecti^^^^^ 

the mvention can be used for ceUular therapy in regenerative medicine and specifically 
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can be used to treat transmural myocaidial infarct as weU as cardiac feilure secondary to 
postinfarction LV remodeling. 

In one aspect, the invention provides a method of directing cells to a kamaged or 
diseased tissue or organ in an individual. Such a method includes providing a tagged 
. ceU. wherein the cells are tagged with a target cell binding member, and introducing the 
tagged cell into the vasculature of the individual. Such a method directs the cells to the 
damaged or diseased tissue or organ. 

The cells used in the mettiods of die invention can be autologous, allogeneic, or 
xenogeneic relative to said individual. For example, the ceUs used in the methods of the 
invention can be stem cells. Representative stem cells include mesenchymal stem ceUs 
(MSCs), and endothelial progenitor stem cells (EPCs). Cells generally are introduced 
into an individual via a coronary vein, a peripheral vein, or a coronary artery of the 
individual. 

Representataive target ceU binding members include annexin, an antibody having 
specific binding afiBnity for cardiac-specific troponin T, an antibody having specific 
binding affinity for cardiac-specific troponin I, an antibody having specific binding 
affinity for skeletal muscle-specific troponin T, an antibody having specific binding 
affinity for skeletal muscle-specific tixjponin I. and an antibody having specific binding 
affinity for myosin. 

Examples of damaged tissues or organs include mycocaidial tissue, pericardial 
tissue, pancreatic tissue, kidney tissue, skeletal muscle tissue, central nervous.system 
tissue, and liver tissue. 

In an embodiment of the invention, tagged cells also can mclude an imaging 
agent. Representative imaging agents include monocristalline iron oxide nanoparticle 
(MION). superparamagnetic iron oxide particles (SPIO). and ultra smaU 
superparamagnetic iron oxide (USPIO). Such an imagmg agent can be used for imaging 
the tagged cells. 

In another aspect, the invention provides a metiiod of delivering stem cells to a 
myocardial mfaiction in an individual. Such a method mcludes providing tagged stem 
cells, wherein the stem cells are tagged with annexin; and introducing the tagged stem 
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to the myocardial mftn^ion. R^^,^,. ^ MSCs a„l EPCs 

.'^5-'«»*"«^a»inva«ic„.p„Wd«acon,podtfonfl»,indud«.,leas, 

c««««pecm.,^,U„T..„,„ttbodyh.vi.«speoiliobtodi^ 

specific t^pcnin I. an antibody living specific binding affinity for skeletal mude- 

^&.H,poninT, an antibodyhavingapecificbindingaffinityforskeletal muscle- 
specflc tmpom. I. and an «,tibody having specific binding affinity for myosin. A 

c™«„of«.cim,«,tionc««.,herinc.„dea.imagingag«..™^^ 

^"^"°^'*»i"'"«o„oa,incl»deins^cd 
«^ CU bmdmg member using U,e Italcer. wher«n the cells are stem cells harvested 

fl»m^individ„.l. and fimher can include ir^tions for perfbnnmgan^^ 
transplant on the mdividual with the cells after the tagging. 

m stiU »«,*er aspect, the tavendon provides isolated stem cells, wherein the stem 
cells are tagged wiU,, heterologous ta,g« ceU bindmg member. Such stem cells can be 
further labeled with an imaging agent. 

Unless otherwise defined, all ,«,hnical and scienUfic t«ms used h«dn have the 
s«ne meaning as commonly undersU>od by one of ordinary sldU in the art ,„ which this 
mvortion belongs. AlUrough methods a™i materials similar or equivrtent to those 
descnbed herein can be used in fl,e pracdce or testing of the present invention, sui.ri,l. 
mea,ods and materials are described below. In addition the mMedah, m^ ..kI 
examples are illustrative only and not intended to be limiting All publications, patent 
Whcations, patents and other referencesmen«oi,«lhe,«„.reh»<>,^ 

mtherrenm^y. ta case ofconffid. the present vacation, includmg definition, win 

control. * 

The details of one or more embodiments of the invention are set forth in the 

accompanying drawings and the description below. Other features, objects and 
advantages Of the invention will be apparent fiom the drawings and detaae4 description, 
and from the claims. 
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DESCRIPTION OF DRAWINGS 

Figure 1 shows Wstogramsofflow cytometry of mesenchymal stem cells (MSGS) 
with and Without tagging (bottom tow). Panel A demonstrates that MSCs without tags 
5 mteractedwithnrc-anti-amaexinantibodyonly. The fluorescence counts represent the 
FITC-IgG. Panel B demonstrates that MSCs tagged with anti-CD44 antibody crosslmked 
to annexin interacted with FITC-IgG. The fluorescence comits represent the FITC-IgG 
Panel C demonstrates that MSCs tagged with anti.CD44 antibody crosslinked to annexm 
mteracted with FITC-anti-annexin antibody. The top row shows the histograms from 
10 Panel A, B. and/or Ccombmed as indicated. 

Like reference symbols m the various drawings indicate Uke elements. 
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DETAILED DESCRIPTION 

The mvention establishes a system for directing and ndn-invasive tracking of 
transplanted stem cells in vivo. For example, autologous stem cells can be tagged with 
amiexin and labeled with an hnaging aigent. which can direct the stem cells to the target 
organ and aUow for non-invasive monitoring of the stem cells (e.g., using magnetic 
resonance imaging (MRI)). r^pectively. Such tagged and labeled stem cells can be used 
chnically to increase engraftment of the transplanted stem cells, and to allow for non- 
surgical transplantation. Methods of the invention can be used to treat damaged (injured) 
or diseased tissues or organs such as. but not Ihnited to heart. Uver, kidney, muscle, or 
pancreas using cellular therapy such as stem cells. For example, methods of the 
invention can be used to treat transmural myocardial infarct as weU as cardiac failure 
secondary to postmferction left ventricular (LV) remodehng. 

Stem cells 

Stem cells are defined as cells that have extensive, sometimes mdefinite 
proliferation potential, that can differentiate into several cell lineages, and that L r^ 
populate tissues upon transplantation. The qumtessential stem ceU is the embryonal stem 
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(ES) ceU, as ES ceUs typicaUy have unlimited sdf-renewal and multipotent 
differentiation potential. ES cells are derived fiom the inner ceU mass of a blastocyst or 
can be derived fiom primordial genn cells firom apost-implantation embryo (embryonal 
germ (EG) cells). ES and EG cells have been derived from mice, non-human primates 
^dhumans. When introduce into mouse blastocysts or blastocysts from other animab 
ES cells can contribute to aU tissues of the mouse. When transplanted into post-natal ' 
anmials, ES and EG ceUs generate teratomas, which agam demonstrates their 

multipotency.ES and EG ceUs can be identified by positive staining with anti-SSEA^^ 
and anti-SSEA-4 antibodies (TT^mson et al.a998. ^c^^^ 

leve^ES and EG cells express a number of transcription fectois highly speci^^ 
undifferentiated cells including oct.4 andRex-l. Another halhnark of ES ceUs is the 

I«^ceoftelomen.se,whi<*pn,vides these c^lls with unlimited setf^^^^ 
in vitro. 

Stem cells have also been idenMed ta many «s««s. The best chaiucterized is toe 
hematopoiette stem cell, while neural, ga^minteadnal. epidermal, hepatic and 
mesenchj^al stem cells (MSCs) also have be«. described. EndotteUal progenitor stem 
cdls (KCs) also have be«. described. Compared wift BS ceUs. tissue spedfie stem cells 
have less self-renewal abiUty and. although they can diflerenttate into multiple lineages 
they are usually not multipotent. * 

Until recently, it was thought that tissue specific stem cells could differentiate into 
cells of only that type of tissue. However, a number of recent reports have suggested that 
adult organ-specific stem cells may be capable of differentiating into cells of different 
tissues. Two studies have shown that ceUs infused at the time of a bone marrow 
transplantation can differentiate into skeletal muscle (Ferrari et al.. 1998. Science 
279:528-30; Gussoni et al.. 1999. Nature, 401:390-4). Other studies suggest that stem 
cells from one embryonal layer (for instance splanchnic mesoderm) can differentiate into 
tissues from a different embryonal layer. For instance, endollielial cells or Aeir 
precursor, that are detected in humans or animals that underwent marrow transplantation 
are at least in part derived from the mam>w donor CTakahashi et al.. 1999. Nat Med, 
5:434-8; Lin et al.. 2000. J. Clin. Invest, 105:71-7). Even more surprising are report 
demonstrating that hepatic epitheUal cells and biUary duct epithelial celkinboth rodents 
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and humans are.derived from the donor manow (Wang et al.. 2003,Nature, 422:897-901 
and references therein). Likewise, neural stem cells can differ^itiate into hematopoietic 
cells (Orlic et al.. 2001. Nature, 410:701-5; Jackson et al.. 2001. j: Clin. Invest 
107:1395-1402). FinaUy. it has been reported that neural stem ceUs injected in^ 

blastocysts can contribute to all tissues ofa chimeric mouse (Asaharaetal. 1999 Ore 
Res., 85:221-S). 

Most studies that show differentiation of stem cells into cell types outside the 
normal differentiation process have shown that this occurs ahnost exclusively in organs 
that have been damaged: ischemia for endothelial engraflment (Takahashi et al 1999 

Mr/. MadL. 5:434-8). cirrhosis for liver and bUe duct engraftment (Wang etal 2003 ' 
Nature, 422:897-901). toxin administration (Fenari et al.. 1998. Science, 279:528-30) or ' 
muscular dystrophy (Gussoni et al.. 1999. Nature, 401 :390-4) for muscle engraftment.' or 
when the organ is growing. 

Examples of stem cells mclude mesenchymal stem cells (MSCs) and endothelial 
progenitor stem cells (EPCs). as well as numerous others available commercially or from 
pubhc depositories (e.g., American Type Culture Collection, Manassas. VA). See also 
U.S. Patent Nos. 5.843,780 and 6.200.806. Although stem cells would likely be used in 
most cKnical settings, non-stem cells also can be tagged as described herein and used in 
the methods of the invention. 

Tagging stem cells 

The methods of the invention allow for targeted delivery of stem cells to a 
damaged or diseased tissue or organ. Targeted delivery of stem cells is accomplished by 
taggmg the stem cells with a 'target cell binding member." As used herein, 'target cell 
bmding member" refers to a polypeptide (e.g.. an antibody) or other macromolecule (e g 
a carbohydrate) that has binding affinity for a second bindmg member (e.g., polypeptide)' 
that IS available for binding in target cells of the damaged or diseased tissue or organ. 
Such second binding members are generally not available for binding in cells of tissues or 
organs that are not damaged or diseased. A heterologous target cell bindmg member is a 
bmdmg member that is not found attached to the stem cells in nature. Cells of damaged 



6 



Attorney Ref. No.: 09531-144P02 



10 



15 



20 



25 



30 



or dfe^ «.^es or organs include mos, «lb «nd«gotag de«h. A ceU «^ 
death due to injury or suicide (U, apoplosis). 

One example of a target ceU billing „en*er th.tcanbeuaedto,agaten.cdlsis 
aunexin V. Annexin V binda to exteriorized pho^batidylserine (PS) with a veo- high 

aflhu.y(K. = 7nM).Thiatigh.bindingh.abeenus«dtoid««ifyapoptoticoeUs 
characteri^byPS^tteriorization. Annexin V also binds to necrotic cells. Although 
coaguiatton necn,sis is eharaeterisdo of ntyocardial inftrction, large numbers of apoptotic 

myoci^ are fb«nd«taixed«thnecr„ticceUaintheinftrctcen.er.parHcularly during 

-perto.ou.Tl.,eS^aunexi.Vdeposi«oncanidentifyaregionofacutemy„card^^^ 

mft^on. Radiolabeled annexinValso has been used ibrnon-invasivedetecfo^ 
cardiac allograft rejection. 

A'^ftoa^-kocanbeusedastargetcenhindingmembers. Antibodies have 
been used to deBver isotopes m radiation medicine, and to direct cytotoxic drug 

con^ to specifichos,tissuecdlsornm.orcellsinoncology.T,,e,efore. antibodies 

Wunispec^ binding affinity forapmtdn that becomes available for bi^^^ 

deaa c» be used in thepresent invention. Represe„,«i,.p„^„3^,^„„^^^^^ 

fer bmdmg upon injury or disease of one or more cells inclnde, but are not limited to 
c«d.a«pecifle troponin T. cardiac^eeific troponin 1. skeletal muscle^iflc tropin. 
T, skeletal musole-spedfic troponin I. and myosin. 

Itere are many examples of proteins that can be used as target cell bmding 
m^bers or that can be used to generate target eeU binding memb«s. For ex^nple. the 
I».hological changes in diifereu, phases of post-infamtion myocardium are orcbesttated 
by necrosis, apoptosis. and other inflammatory responses includmg the cytokme cascade 
^wd. factors, chemoattractants. adhesion molecules, cell inffltration, angioge»sis, and 
a» release of ceUuIar components, e.g.. myosin, or tmponin T. Tlterefore, it is possible 
to d-rec. stem cells to a damaged tissue or organ (e.g., an inftn^ted myocardial area) using 

.targe, cell binding member a« binds to.seeond binding memberiu ore. cell, ofthe 

target tissue or organ. 

"Tagging" as used herein refers a, the act of albuAing a target cell binding 

member toastemceU. Stem cells can be tagged withatargetcellbindingmember using 
anumberofdtfferent-link^s.- For example, an antibody having specific bimUng 
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attached to a terge, «U binding men*«, «d used to link a. bindingm«ber «, a 
n,e.e„ohyma.s«.cen. Al.en.a.iv..y. ,mi^31 »«ibodies or anti^M andbodie. can 
''=»-l'edtoa,arge,celIbindingn.«nberanda«d«,Hnk*.bi.di„g„,.n,berto 
5 c^ulatogEPCs. Inaddi«on.toinc«asefl„nUMbcrofaitoavaiW,.atoa««*,arg., 
cell bmdn« member, and/or imaging agema. ft. .„flfcody cm b. biotlnylated (bofore or 
after U,e anSbody ia att«:hed to a«n ceU). and contacKd with avidin-targe, cell 
bmdtng member complexes. Avidin has multiple binding ahea. and Iherefcr. can 

-~-»«««"''-Memoi«i,s(e.^.„„l,ip,e.argetc.nbindingmem^ 

lU more imaging agents). 

The ability of a targe, ceU btading memb« to target a damaged .issue or org™ i„ 
an md.vidual «n be evaluated using the *, v«« m«hods and animal models described 
herein.- 
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15 Methods ofdelivering tagged stem cells 

Once stem cells are tagged, they can be delivered to the vasculature of an 
individual using several different routes. Stem ceUs can be introduced into an individual 
through an anterior intraventricular vein catheter. It can be advantageous to close the 
coronary vein by Ugatur« after mtroducing the stem cells. Alternatively, stem cells can 
be mtroduced through the coronary artery. Generally, 100 to 50 million stem cells are 
transplanted into an individual (e.g., 1000 cells, 1 0,000 cells. 100.000 ceUs, 1,000 000 

cells.10,000,000 cells, or 50.000,000 cells). Methods for introducingacatheterixlto the 
vasculature of an individual are known to those of skill in the art. 

The stem cells delivered to an individual can be from a variety of sources 
Relative to the individual receiving the stem ceUs. the stem cells can be aUogeneic (i e 
fiom the same species (e.g.. human) but a different individual (e.g., a close relative)) or 
xenogeneic (i.e.. from a different species (e.g., aswine or non-hmnan primate) than that 
of the recipient individual (e.g., a human)), m the most common clinical plication, the 
stem cells would be autologous. For example, stem cells can be obtained fix,m an 
mdwidual (e.g.. at the time of treatment or collected at birth), tagged, and labeled if so 
desired, and introduced back into the same individual. 
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Methods of non-invasive monitoring of stem cells 

Various types of MRI „.ethods can be used in conjunction with an appropriate 
imagmg agent to monitor the stem cells once they have been mtroduced into an 
mdxv.dual. Imaging agents include a physiologicaHy compatible metal chelate compound 

cons^strngof one or more cycKc or acycUc organic chelating agents complexed to one or 
more metal ions, iodinated .orgamc molecules, chelates of heavy metal ions, gas-filled 
bubbles, radioactive molecules, organic and morganic dyes, and metal-Kgand complexes 
ofparamagnetic forms of metal ions. Chelating agents for MRI are known in the art, and 
mclude magnevist gadopentetate dimeglumine (DTPA), dotarem gadoterate meglumine 
(DOTA), omniscan gadodiamide (DWA-BMA). and ProHance gadoteridol (HP-DOBA) 
Recife examples of imaging agents include monocristalline iron oxide nanoparticle 
(MION), superparamagnetic iron oxide particles (SPIO). and ultra smaU 
superparamagnetic iron oxide (USPIO). Imaging agents are available commercially 
fiom, for example. AdvancedTsdagnetics (Cambridge, MA). Meti^ods for introducing 
miaging agents into ceUs are well known in the art. 

In MRI, the image of an organ or tissue is obtained by placing a subject in a 
strong external magnetic field and observing the effect of this field on tiie magnetic 
properties of the protons (hydrogen nuclei) contained in and surn,unding the organ or 
tissue. TheprotonreIaxationtimes.tennedT,andTa,areofprimaryimportanceT, 
(also. caUed tire spin-lattice or longitudinal relaxation time) and T. (also called ttie spin- 
spm or tiansvetse relaxation time) depend on tixe chemical and physical «iviromne„t of 
organ or tissue protons and are measured using ti.e Rf pulsing technique; this information 
IS analyzed as a fimction of distance by computer which tiren uses it to generate an image 

m order for an imaging agent to effectively image, tire agent must be capable of 

enhancrngti^e relaxation rates 1/THlongitudinal. or spin-lattice) and/or 1^ 
or spm-spin) of water protons or otiier ima^ng or spectroscopic nuclei, including 
protons, on otixer biomolecules. Relaxivities R, and R, are defined as tire ability to 
increase 1/T. or l/T^. respectively, per mM of metal ion (mM^'s '). The most common 
fom, of clinical MRI is water proton MRL In addition to increasing tire It^ or 1/Ta of 
tissue nuclei via dipole-dipole interactions, imaging agents can affect two otirermagnetic 
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properties and thus can be of use clinicaUy. First, an in>n particle or metal chelate of hi^ 
magnetic susceptibility, particularly chelates of Dy, Gd, or Ho. can alter the MRI signal 

mtensityoftissuebycreatingmicroscopic magnetic susceptibility gradients. Second, an 
iron particle or metal chelate can also be used to shift the resonance frequency of water 
proton or other imaging or spectroscopic nuclei, including protons, on other 
biomolecules. Depending upon the strategy used, zero to three open coordination sites 
can be employecL 

For descriptions and reviews of imaging agents, the introduction of imaging 
agents into cells, and imaging techniques, see. for example. Lauffer. 1987. Chem, Rev 
87:901-27; Caravan et al.. 1999. Chem. Rev., 99:2293-2352; and U.S. Patent No 
4.951.675. 



Compositions and articles ofmanufacttae 

The invention also includes compositions for tagging stem cells. A composition 
of the invention can include at least one linker moiety; and at least one target cell binding 
member. Representative target cell binding members are described above, and include . 
annexin. an antibody having specific binding affinity for cardiac-specific troponin T an 
antibody having specific binding affinity for cardiac-specific troponin I. an antibody 
having specific binding affinity for skeletal muscle-specific troponin T. an antibody 
having specific binding affinity for skeletal muscle-specific troponin I. and an antibody 
having specific binding affinity for myosin. Similarly, linkers are described above, and 
. include antibodies having specific binding affinity for a ceU-specific surface antigen, and 
avidin/biotin pairs. A composition of the invention also can include an imaging agent 
such as those described above for monitoring tiie stem cells in vivo. Specific examples of 
25 unaging agents include MION, SPIO. and USPIO. 

An article of manufactiire of the invention generally includes compositions as 
described above and packaging material (e.g.. vials, or containers). Articles of 
manufactiure can finther include written instructions. The instructions can describe how 
to tag cells witix the linker and the target ceU binding member. The instructions can be 
specific to tagging cells harvested fiom an individual, and can additionaUy include 



30 



10 



10 



Attorney Ref. No.: 09531-144P02 

tota.c«ona fcr perfcnniog » .„,„,„g„^ ^ wW, Uggcd 

^2'-<'f"-'*^«-eofttiiBv«a«,„aIsoc™i„chKl.additi„,.d««»te 
tagging and/or labeling Stem cells. AddiHonal ,«g««sc»,b. buffers, ed^es co- 
fiotors.orn«terialstoco„to, the tagging «*„^W«B»g. Articles of „f 
fl.c.nven«„nalsocaninclnde««irialsorrcagen.sf.„ 

md.v.d„al.ndp^,nng«»„,fefl.c..gging»d/orW»li.gp™,ess. Further, arttcles of 

n«n„^cmreofU»inventioncanincluden»te.i.Uforn»»d^U»«^ 
individual (e.g., additional contrast agents). 

J^^-ventionwillbefiirtherdescribedinthefbllo^^ 
limit the scope of the invention described in the claims. 
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. EXAMPLES 
Example 1 -Experimen tal group s 



Anunals in ftoup , („ = ,o pigs) ^ exposed only to coronary Ugatfon wifl. no 
cdl «nsplan««on. Anin^ls to Group 2 („ = ,0 pigs) a,, exposed ,c postinftrctton LV 
reniodetag and a« transpired with autologous MSCs. Arimals to Group 3 („ - 15 pi«s) 

ZT?'°r'^*~^'"'^^™°">'"'^<''-'^>"'^>'-'«.u.o.,g*j 
MSCs tagged wilii annexm and labeled with MION. 

Briefly, Yoftshire swines (45 days of age; ~I0 kg) are anesthetized wifl. 
u«|avenous »dhrm pentobarbital (20 mg^cg. intrav^^^^^ 

d^' T:;'"^'' •=« (LAD) corouary artery 

drstal to tte first dragonal vessel is dissected See and a silicone elastomer catheter (0 3 

»m.d).splacedi„totheLADcor„„a,yarte,y. For«,e,nto«lsinOroup l.dtechesii. 
Closed .n layers and me animals are allowed to r«=over. For the antarals in Groups 2 3 
and 4, the LAD coronary artery is occluded by either a Bgatore pmxhnal to the cath^' 

""^ ""-'°"> - into 
the LAD coronary artery through the catheter. catheter is then removed and the 

artery repaired. FoUowing2ho«rs of LAD cor^aryariery occlusion, the occlusion 

>.ga.ure,srcm.v«L IW^aUows 2 hour, ofdwelltog time fer the MSCs bebg exposed to 
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the ischemic myocardium. Reper&sion arrhythmias are treated with defibrillation TTxe 
chest IS then closed in layers. Animals receiving transplanted autologous MSCs receive 
immunosupression with Cyclosporine A (15 mg/kg daily with food). All animals are 

exammed using MRI or magnetic resonance spectroscopy (MRS) once every two wee^ 
and undergo a final study 8 weeks after myocardial inferction. 

Example 2 - Methods of moniforin. the bhMed .t^ ... 

For the non-invasive studies, the animals are anesthetized with sodium 
pentobarbital (30 mg/kg. iv) following sedation with ketamine (20 mg/kg 

intramuscularly(im)). At the final MM study.acatheter is placed into the left femoral 
arteryandadvancedintotheLVchamberforLVpressurerecording. FoUowingthe 
MRI study the femoral catheter is removed and the Womid repaired. 
Non-invasivft ^'P-Mpjc; 

A technique has been developed using 3 Ip.MRS study with an external coil in a 
closed chest dog model to examine myocardial phosphates non-invasively m this non- 
invasive study, the transmural distribution of 3lp n^etabolites from cylindrical regions 
across flie LV wall of a closed-chest canine model were measured. MRI studies were 
conducted on a 4.7 T/40 cm SISCO system. When spectroscopic imaging is implemented 

with theFourier Transform approach, spectraoriginate from rectangularly shaped regions 
with potentiaUy significant errors from cross-voxel contamination. In the present 

expermients. Fourier Series Window (FSW) and selective Fourier transfomi methods 

weight the data sampling with a desired filter, thereby eliminating the cmss-voxel 

contamination due to the Fourier transfomi point-spread Amotion; spectm are gen^ed 

fiom spatiaUy localized voxels of predetermined shape, the position of which can be 

shifted arbitrarily in the phase-encode dfrections. In this study. Ifae 3-D Bo FSW 

technique was used to definecylindrical voxels; this voxel shape not only conforms well 
to the geometryoftheLVwall. but also requires fewer phase-encode steps thanrequired 
forarectangular voxel. A7.3 cm diameter surface coil was utilized for3lPspectros^^^^ 
Anatomical images were acquired with a dual-loop iR coil utilizing a fast gradient-echo 
sequence, with a magnetization transfer preparation period generating high contrast 
between tissue and blood. 



12 



10 



15 



20 



25 



30 



Attorney Ref. No.: 0953 1-144P02 

NineaduI.m«„g,=U„gswdghmg,3.26kgwerea««hcdz=d<mdto„b«ed A 
catt,e.er was in.,«.„ced i„,„ fe„o^ and .dvanc«, u, LV r>„ 

«-ndswer= placed i„«,.pr„„e,odttono.fl»co«pW6».wifl.«„he«.dn«ay 
averfl,e3.Ps„^ecoa l^morec.ea«yd™™^tt„dia«nc«o«b«w«„*e>«„ 

and heart n,u«,e,to*eI«.ln.„.o,.ofa„eh«.™n™,^iseh««cby applying 
,»eas«r..„«„rib^a.*e.„to.,™,p„^^^^^^^^^^ 

*neu.ul.toco.fflden.atooW„oyli„d.rdi«ne«.wimMwldft„,l«tf.„^i^ 
s-Sna. m,«„n, (FWHM) of 19 »^ and rec^ngular coefficients .„ ob«„ 

«yinKtel«igh,sof5nn„(cyBnd„PWHMvotoe=1418n»n3).Da.aac,ui,id» 

tofteoa^cycleonly. aa .espira.o,y modon was found » be mini™., in 
a««^onofa.I.Vwan.,ndiea. TT»radiofte,uency(RP)p„lse,engU.was33p..„i* 

and by 0.152 G/cm u, define fl,e cylinder heigh, for a toW of 681 distinct gradient 
«mbina«ons. A total of 1959 transients were collected within 26 nnn. Tio.ra^.t 
data acquisitions fer each phas^eneode step waa weight*, according to ttc PouKer 

coefSetents; dififerences between the actual coefficients «id the tateger number of 
«»un,ulations were acco«,ted for by nudtiplying the t^ultan, signal, with co^ction 

coefficents. Aspectram ftomasu.glevoxelwaage»:n^by«nnn«donwithr«pectto 
the phase-encode domain; spectra fiom arbitrMfly defined spatial locations were 
generated by voxel-shifting the data with post-acuisilion proceastoft 
Nuclear mamtic re«nna .v. f N MR^ ■T '^'TTT 

Spatially localized 3.PNMR.p.^^^i.^^^j_^_^^ 

m.ngtheRAPP.,SISm,thod(.ee.*»exan,ple.W«.ge,.1..20O2.^„„j:f„rt^ 
161:565-74 and referees therein). Creatim, phosphate (CPXAIP, and Pi levels 
oorrespo„dtagtotheintegr.bof««hre«™.ncepea^ 

*es«,dy l^e chen^al Shift of Pi relative to that of CP is used to calcntate cytosouc 
Mg ";<fc«™i"«lftomthech«oic.lshi«be.weena.,«.6-An.(Verhovenetal. 
i995.J.E:^.Mei. 182:1597-1601). An high pre,su» liquid ch,omatography(HPU> 

»e,«nedA»v.h.,obt.in«,fion.anepica,dialbiopsyattheendoftheexpele«. 
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s 

taken together with .he integrals of the peaks on the immediate pre-biopsy sub^icardial 
spectrum peak integrals, is used to quantify all spectra. 
Calculating myocardial f ree ADP levels 

TTie myocardial fiee ADP level is calculated ftom &e ci^tine kinase equilibrium 
5 expressionusinganequilibriumconstantof 1.66X lO^ and cytosolic pH = 7 1- [ADP] = 
([AIP] [CRfreeMCCP] m Keq) (Verixoven et al.. 1995, J. Exp. Med., 182:1597-1601) 
CP and ATP values are obtained fiom spectra caUbrated by the biopsy measured ATP 
levels. Free creatine is calculated by subtracting the CP values from the biopsy obtained 
measurement of total creatine. 
10 ^H-MRS Mftasuremftnte 

IH-MRS deoxymyoglobin measurements are performed as described above in 
open chest animals using the double tuned surface coil placed on the epicardial surfece 
m fee LAD perfusion bed. Because of the short Tl and T2 of this Nfl>S signal, spatial 
localization camiot be performed with phase encoding and other strategies that require 
gradient switching following signal excitation. We propose to perform transmural 
localization usmg ID frequency encoding perpendicular to the LV wall surface 
underneath the surface coil and letting the small coil dimensions restrict the signal in flie 
otiier two dimensions on the plane of the coil. The frequency encoding will be 
performed by turning on the gradient prior to the first signal excitation and leaving it on 
dunng tiie entire acquisition and aU subsequent signal excitations and data acquisitions 
during signal averaging. This strategy takes advantage of the large frequency shift 
between the water and Mb-5 resonance. This gradient magnitude can be ~0. 1 to 0 2 
G/cm so tiiat across the typically 1 cm thick LV wall the frequency difference will be 
-450 to 900 Hz. Myoglobin saturation (%) is defined as 100 (measured 
deoxymyoglobin resommce intensity/deoxymyoglobin resonance mtensity during total 
occlusion) and is converted to Poa using the myoglobin saturation-Poa curves as 
previously reported (Zhang et al.. 2001. Am. J. Physiol. Heart Ore. Physiol, 280iI3 18- 
H326). 

MRI cine techniq ue 

The parameters of the segmented cine sequence at 1 .5T are: TRAB/flip angle = 
33 ms/6.1 ms/25 degrees with a FOV = 17.5 cm and a matrix of 87 x 128 (pixel size: 2 
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mm X 1.4 mm) interpolated to 256 x 25« «.d sB« Mokn^ of 7-10 mm. lU, 10- 
mmute pn,.ocol provide Ugk^U,^ movi^ufa ^ ^ 

entire heart. 

^°'^^^*°°''*^»^S»»-esoh:tion anatomical heart images, m^^^^^^ 
5 mxages are acquired to cover the entire heart. TT^ese images pennit the precise 
delineation of the extent of the scar region of the heart. 

The imaging data are evaluated using an automatic segmentation program 
Ventricular volumes, efection-fraction. LV diastoUc and sj^olic volumes ai. obtained 

Absolutemyocardialmassfiommulti-sKce.multi-phaseMRcineimagesareth«i 
10 automatically calculated. The left ventricular end-diastolic volume (Va) and end- 
systolic volume (V^) of each sUce is represented by the area enclosed by the 

endocardium, llie total left ventricular volume is computed by adding the volumeso^ 
aU shoes. LV EF is calculated by IOO-/0 X (Vd-V3)/Vd. Inter observer and intra 

°»>«-^-orforthecalculationsofLVmassandLVvolumeshavebeenpreviousl^ 
15 ^owntobelessthanSgmandSmUespectively. Meridlanal wall stress is computed 
fiom the LV pressure and simultaneously obtained LV radius measurements ftom short 
axis view of LV MRI (LV cavity diameter and average thickness the remote LV wall) 
as previously described (Grossman etal., 1975. j: Clin. Invest., 56:56-S4) 

^^■^^^^^'^^^^'i^^hasbeendemonstratedasareliablemethodtoeval^^^ 
20 the myocardial viability (Kim et al.. 1999. Circulation, 100:1992-2002). At the initial 
MRI study, infarct size can be quantitated by mjecting (via the left atrial line) Gd-MP (an 
MRI contrast agent which has been used to examine myocardial viability) at ^3 hours 

post-infarction. This technique correlates well with triphenyltetr^Kumch^^^^ 
staining results; validation studies comparing Gd-MP estimation of inferct size with 
25 TTCmeasured infarct. The ratio of mass of myocaidimn demonstrating Gd-MP 

bnghtnesstototalmassofLVmyocardiumwillbeconsideredtobetheo/oLVinferc 
ll^e severity oftheinitialmyocanUaldamage indicated by this vd^^^^^ 

with the valuables, which reflect the severity of LV remodeling, ejection fr^^^^ 

asmyocaniialbioeneigeticsineachgronp. Finally, this ratio is compared with the final 
30 scar weight. " 
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All MRI studies are performed on a standard Siemens Medical System VISION® 
operating at 1 .5 Tesla. All of the imaging sequences are gated with regard to the 

elccto^cardiographic signal obtained fi^mleads.placed on the shaved 

resprratory gating is achieved by triggering the ventilator to the cardie 
data acquisitions. 
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Sample ^ -In vitrn p Tjr>w»^ 

*'*««5'«rin>ente«ecamedoattoea«,,,a^fterespectwecelllabeto^ 
ted^ (P-gtactosida.. or MION) do« alto to characteristics of fte MSCs. 
MSa « labeled with MION aa d««rib«, previously. Ah,n,aUvely. the MSCs are 

wia, aanoparticlea on the ceU surftce using an a™exi„«4ION complex 

ThefoUowingmethodsaieuaedtotagthestemcellswithannexinV. Anti-CD44 
a«ihodiesa,eboundtoMSCsbyadding2.5^gofmouseanti-pig^44IgC«.(,h= 1» 
auhbody) (VMRD. Ctfog No. PORC24A) to 5 x 10= MSCs in . 00 ofl-/. ho^ne 
serum albumin^hosphat. buffer saline (pH 7.2-7.4) (BSA^-BS) in a 5 ml tube mixing 
wen incubMing at 4«C for 3040 min, washing with 5 ml of BSA/PBS to temove See 
a«.bo«,. and eentrifcgtag at 1200 ,m for 3 min. The pellet of MSCs b«md anti-pig. 
CD44 mAb was suspended in 1 00 fil of BSA/PBS. 

A conjugate of biotinylated rabbit anti-mouse IgG (the 2"" antibody) and 
streptavidin was prepared as foUows. Jn parallel, 1 .25 Mg of biotinylated rabbit anti- 
inouse IgG (Catalog No. E0464, DAKO) and 1 00 Mg of str^to^^ 
ICN) are.combined in a 1.5 ml eppendorftube containing up to 500 of BSA/PBS ' 
nuxed well, and incubated at room temperature for 60 min in the dark. 

A heteroaggregate is formed by adding the conjugate (streptavidin x biotinylated 
ar^t^body) obtained as described above to the 1« antibody-bound MSCs. mixing well and 

mcubatmgat40C for 30 min in the dark. The cells are then washed with5mlof 
BSA/PBS to remove any unbound materials. 

Amaexin V is bound to the heteroaggregate-linked cells using streptavidin as a 
bndge. First, 0.6 of amiexin V is added to conjugated biotin (Catalog No. PF036 
Oncpgene). THe annexin-biotin complex is then added to the heteroaggregate-linked' 
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MSCs, and mixed and incubated at for 30 min in the dark. BSA/Pn^ • . 
andcollectthepelletaftercentrifugation BSA/PBS is used to wash 

aneihod:;rsr^^^^^ 

5 Annexe, V(C.20)SC-I928.Sa.,aCWBioM«K,logy L.o)a„d I u/^Tk . 

IgG-FITC CProdua No F 71«1 x '^-i"^ 

I '>*«»N» Fra63,S.gDa)« combined, and incubated at 4'>C for 30 nun 

BSA/PBS oont-nn-g 0.4 n. offeaBve solution. II.. nux..„ ia 
fluorescenco-actiyatedcen sorting (FACSl a^r^ ■ . . ™aiyzeaby 
>0 wasuaedaaanegadveconttcL * ™ o^S^^-S—exin V. 

'^=*"™*«<'«"ib.= «»I«»ed„r.forlabelingstemcellawi,huitn>amaU 
»P«par«na^cironoxide(USPIO)pa«ic..aft,ri„^^ Briefly ZTs^r^- 
--^»i..«.geneO..nU)«.,30n.inut^ 

„w ^. . ^i-A-BSA), 0.05 MM dexamethasone (Siema^ Q 1 

ng«ep,thehaj growth ftctorCEGF), 1 00 U/ml penicillin and lOOU/n,! L , ■ 

.-.edrerLrra;:«2tz*-'^'^--^^^ 

Example 4 - r., ...-^.q pmtnnni 

. -~rc:::r^rdrc:rcrrT 

"^ic o, wnicn directs the stem cell toward tf>i. j 
annexin and P«i h,«^;« a^. ^" «»wara me mftrcted area by 

30 cathTlT ^ ^"-•-""•"^-^tagefflciencx.d.herin.ravenouaor 
cathet.baaedco„na^«C^,^„„,^^_^^^^^^^^_^_^___^^J^ 
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are iniused and then flushed with 1 ml of saline. Sixteen days later. LV function and 
energetics are examined with MRI/MRS as described above in Example 2. 

The LV is excised and the following experiments are perfonned to evaluate the 
fate of the tagged transplanted MSC: (a) gross specimen P- giactosidase staining to 
evaluate engraftment of cells by visible blue color, (b) histological sections with p. 

giactosidase stainingtocount cells expressing p-glactosidase under the light microscope 
as compared to MSC transplantation with no tags; (c) immunohistochemical staining 

usmg different antftodiestodetect specific myocardial proteins(e.g..cardiac^^ 
troponin T) to identity cells d«ived from MSCs. and to look for gap junctions; and (d) 
polymerase chain reaction (PGR) of the frozen samples to amplify the Ad5-RS V-LacZ 
vector fragment DNA sequence to confirm that the P-glactosidase signals are from the 
planted cells and not from endogenous immune cells that can express low levels of 
p-glactosidase. 



20 



Example 5— fa ^dtro taffp irip »f MSCs with 

Data fiom in vitro studies demonstrated successful tagging of MSC with annexin 
and showed that tagged MSC bind to apoptotic Jurkat cells (Figure 1). Histograms of ' 
flow cytometry ofMSCs with orwithouttaggingare shown in Figure 1. Panel A 
demonstrates that MSCs without tags interacted with FITC-anti-annexin antibody only 
nie fluorescence counts represent the FITCIgG. This indicates that MSCs do not have 
cell smfece amiexin. Panel B demonstrates MSCs tagged with anti.CD44 antibody and 
crosshnked with annexin interacted with FITC-IgG. The fluorescence counts represent 
the FITC-IgG. This experiment was done as a negative control for the Panel C 
experiment. Panel C demonstrates that MSCs tagged with anti-CD44 antibody 
crosslinked with amiexin interacted with FITC anti-amiexin antibody. The fluorescence 
intensity appeared different as a consequence of binding to the stem cells. The top row 
shows the histograms from Panel A. B. and/or C combined as indicated. These data 
demonstrated that linking of amiexin to MSC was greater flian 90% since the two peaks 
had ahnost no overlap. 

Immunohistochemistry also was used to demonstrate the specificity of amiexin- 
tagged MSCs. AdS-RSV-LacZ infected and amiexin tagged MSCs (5 x lo') were co- 
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incubated with apoptotic Jurkat cells (5 x 10<^ in cold binding buffer. For inducing 
apoptosis, Jurkat cells were pretreated with 0.5 ^g/ml actinomycin D in 10% FBS-RPMI 
1640 medium at 37»C for 15 hrs. Cell smea« were made for in situ Jurket ceU death 
demonstration using TUNEL technology (/„ Situ CeU Death Detection Kit. Roche) ll,e 
MSCs tagged with anti.CD44 and ciosslinked to amiexin bind and form a rosette with 
apoptouc cells surrounding the MSG cell /S-galactosidase expressed by MSCs ^ 
demonstrated using the X-Gal Staining Kit (Invitrogen). 



! was 



Exan^ple 6 - Annexin-tagp^d MSCs bind fn .^ f.^^ ju^^t n^iic 

Ad5-RSV-LacZ transfected and annexin-tagged MSCs (5 x 10^) were co 
incubated with apoptotic Jurkat cells (5 x 10*^ in cold binding buffer for 2 hrs. which was 
then replaced with stem cell medium and the cells cultured at 37°C for an additional 2 
hiB. For inducing apoptosis. Jurkat cells were pretreated with 0.5 ^g/ml actinomycin D in 
100/0 FBS-RPMI 1640 medium at 37'C for 15 hrs. Cell smears were made to 
demonstrate ^galactosidase expression in the transducted MSCs (X-Gal Staining kit 
Invitrogen). MSCs bound several apoptotic Jurkat cells and began spreading along the 
substratum of the culture dish. 

Example 7 - Tn vivo smHv nf t agged MRC. trg nsolantatint, 

Twenty million annexin-tagged allogenic MSCs were deUvered through an ear 
vein catheter to two pigs prepared as described above in Example 1. Light microscopic 
evaluation indicated that MSCs homed in the periscar region and were surviving and 
differentiating in the myocardial infarct region, which was not observed in two control 
ammals in which untagged cells were deUvered via a peripheral vein. 

When the annexin tagged MSCs (20 million) were deUvered via a LAD catheter 
m a separate in vivo study, significantly more stem ceUs homed to the myocardial infarct 
region. These results indicate that the annexm tagging system does promote stem ceU 
hommg into damaged myocardium, particularly when the cells are deUvered via a 
coronary vein catheter. 
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Example 8 - Sita-sperifir direrhnP and nnn.^v,c;». p ^n^tnrina of 
cells in vitm 

To track transplanted stem cells* migration towards the target tissue or organ 
(e.g., myocardial infract (MI) and surrounding ax^). in vivo and in vitro transplanted 
MSCs were tagged with a novel tripl^tag (a supeq,aramagnetic nanopartide and dual 
specific antibodies, wherein one antibody binding site is the stem cell smfece antigen 
CD44. and the other is amiexin). Cells were labeled with supeT,aramagnetic iron oxide 
particles (SPIO) by incubating non-labeled MSCs with SPIO, mixing for 30 min at 40C 
and washing 3 times with PBS. 

Triple-tagged MSCs were resuspended in 100 ml of 1% low melt agarose at a cell 
density of 1 X 10^ ceUs/ml and loaded between two layers of agan,se gel. The MRI 

detection was done usingal.5T magnet A2D gradient echo(GE) imaging technique 
with multiple sUce interleave data acquisition scheme was applied. Data matrix: 256 x 

256. TRA'E = 600/30 msec; FOV = 200 mm. slice fluckness = 3mm.Asmall circularly 
polarized birdcage coil (12 cm ID) was used. TTus study demonstrated that MSCs labeled 
with an SPIO smface marker are clearly detectable in vitro with MRI, and therefore 
demonstrated the feasibiUty of site-specific targeting and non-invasive tracking of 
transplanted stem cells using MRI. 

2^ Example 9 - Antolopnnc Msrc .^n snlanted fhrn,.^i, ^ coroti^ry .rt^. 

To examine the proliferation and differentiation potential of autologous MSCs in 
viva m the ischemic heart, experiments in 8 pigs with autologdus MSG transplantation 
were perfomied. An LAD occlusion was performed to examine areas with ceU 
transplantation and areas remote from the cell transplantation. Animals were followed 
for 2-3 weeks. An open chest MRS study was performed to examine the LV thickening 
fiachon and myocardial energetics. Less scar thinning (no LV aneurysm formation) and 
. «l«nes,s were observed in the area where stemceUshadbeeninfiised. TTie findings were 
consistent for all 7 pigs studied. On po^-mortem examination, cells with P-gal staining 
were found in the infercted area. The PCr/ATP high energy phosphate mtio was ~1 Gin 
the area with cell transplantation. 3.p.MRS were acquired using an ISIS column of 1 0 x 
1 0 mm perpendicular to the surface coil so that the phosphorous signal was from the 



15 



25 



30 



20 



15 



20 



25 



30 



Attorney Ref. No.: 0953 M44P02 

was compared to - 0 in LV infarct without cdl l»n»l. . « •^^A^'' 

. . . °™ '™«Plmlation.~ 1. 40 in WHng hearts: 

and~2.2m„on„a)hearts. -n^^ finding of Wgh^pfc<^.^(pC,^ 

p:^nt„a,^„he„MSCaw.„tra„sptat«li.«iic«esth.pre«„cofMSC 

engraftment. 

^ ^=;<'-'"M"t..hat:.)thaisch«niccardiacenvi„,„„^,i,p^^,,^ 

^^^»^nrc^.,«ardinn.wi«rorwit■K«3...ce„tra«ap^^^^^ 
MSCs difleran.^ to n.yocytes in ischemic mj^nn, Of 

Example TO -ReR„lf^ 

_n«u..ofMWt„d3™anric.«,track.xogcno„.,y.ran^^^^ .eUs,„ is an 

^ m .asking treatments of genetic and degenerative diseases using 
^lu^tt.erapy.„w«MRIobs«vation.combined„ithhistoc^,ogic^ 

of e.^en.andregener«ionpo.enti.l„f.ra„sp,an,edceIIs. Tltese studies also 

P-^tevah^bledatae^mhungthepotentialofconttast-enhanced^ 
t^lacehislologicalexaminationfta-celllherapy. 

To vis.^ and ^ ^ ^ ^ ^ ^ 

Ad5^RSV.U^genea«Iabeledwi.hamagneacresona«.con,«st.gentanda»cells 
^edw.thahi^eciflcantibodyi„„hichoneofthecompo„e„.hi.^„,,i^i, 
^^ced agamst the stem cell surface antigen CD44 while the other component bmding 

ceas« of salme ,s dehvered into the pericardial space „ directly injected int. the 

»^creg,„„fo,,,wingacu.e myocardial infat^ionptoducedbyUgati™. of Utefi^ 
d^»l co^nary „cry in pigs. imaging is used to asses, migraaon and IccaSon 
of th transplanted ceils, as wel, as LV function and LV waU thickness, immediately after 

and at weeMy mtervais for 5 consecuti^ to track the fl«e of m. tr^^lan^ltr 

over an extended interval of time. ^lanuM cells 

effectof magneto bbeUngofst^n cells withbi-specifloantibodi.. For example, gtoss 
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specmen. are obtained to «.,„ate «,g,aflm«, of UcZ-exp^ based qnm B. 
gaJaolodda.e,Utaing. m^dditton, MM ox.„^™.fexcisedh«. (.specially scar 
andperi.carregions)isperfonnedlo«mtoa,ei„vi«,MW,eau«s. Seotfonsftom 
excsed heart tissue scr and perisear regi«») sWned fi,r i™n (Pert.- Pn^an 
blue .action) and p^tosidase (LacZ) expressioa. in combio«ion ,vith 
m>n««.„Iustochen,ieal stai-dng (such as Tropoain 1). to sssess «„l ™ud«e tb. different 
mea:.ofde.eetingandidenti«dngdieengr.a«lcdls. Excised ftesh heart tissue 

(penscarnij^cardium) is ea^jmatically dispersed andmagnrtieaUy loaded cells are 
remeved with a n»g„edc column to analyze -k1 eonflrm their engnritaen, and cellular 

fete. ;n"^«>obtdnedin.heexpe,in>ertsdescdhedherei«ar.comp.redwi.hda.afton, 

experiments using untagged MSCs. 

The data fiom the in vitro studies demonstrated that tagging the MSCs with 
annexinwassuccessfol. Il^erefore. the preset experiments demonstrated that tagged 
cells deUveredthroughaperipheral vein can home intoamyocardial infarct area 
Honm^gtoamycoarcialinferctareadid not occur in experiments using untagg^ 
cells delivered via fte peripheral vein. H.e same strategy is used with MSCs tagged via 
avidin/biotin with a MION antibody. These experiments allow imaging (using for 
example. MR^ of the location and trafficking of the MION-labeled cells, thereby 
fecihtating evaluation of methods to enhance homing of the cells into the region of 
mjured or mfarcted myocardium. Tagged and labeled autologous MSCs can be used 
chmcally to increase MSC engmfbnent wift a nonsurgical mode, and to follow ceU 
traffickmg non-mvasively with MRI in cellular therapy for cardiac repair. 

m another embodiment, the autologous MSCs are linked to complement (C3 or 
C5) usmg the same avidinA,iotin binding system. The immunological response to 
complement deposition in areas of myocardial injury is known to cause fbrther tissue 
damage. Binding of complement (C5. for example) to MSCs can direct the stem cells to 
find their "niches" in injured areas of the heart and compete with endogenous 
complemem binding, thereby reducing complement deposition-induced ceU injury. 
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OTHER EMBODIMENTS 
It is to be understood that while the invention has been described in conjunction 
with the detailed description thereof, the foregoing description is intended to illustrate 
and not hmit the scope of the invention, which is defined by the scope of the appended 
claims. Other aspects, advantages, and modifications are within the scope of the 
following claims. 
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WHAT IS CLAIMED IS: 



I . Amethod of directing cells to a damaged or diseased tissue or organ in an 
5 individual, comprising the steps of: 

providing a tagged cell, wherein said cells are tagged with a target cell 
binding member; and . 

introducing the tagged cell into the vasculature of said individual, 
thereby directing said cells to said damaged or diseased tissue or organ. 
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2. The method ofclaiml, wherein said cells are stem cells. 

3. The metiiod of claim 2, wherein said stem cells are selected from the 
group consisting of mesenchymal stem cells (MSCs), and endotheUal progenitor stem 



IS cells. 



4. The method of claim 1. wherein said cells are autologous, allogeneic, or 
xenogeneic relative to said individual. 



5. The method of claim 1 , wherein said target cell binding member is 
selected from the group consisting of annexin, an antibody having specific binding 
affinity for cardiacspecific troponin T. an antibody having specific binding affinity for 
cardiac-specific troponin I, an antibody having specific binding affinity for skeletal 
muscle-specific troponin T, an antibody having specific binding afSnity for skeletal 

25 muscle-specific troponin I, and an antibody having specific binding affinity for myosin. 

6. The method of claim 1. wherein said introducing is via a coronary vein, a 
peripheral vein, or a coronary artery of said individual. 
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7. The method of claim 1. wherein said damaged tissue or oigan is selected 
from the group consisting of mycocardial, pericardial, pancreatic, kidney, skeletal 
muscle, central nervous system, and liver. , . 

5 8. The method ofcIaiml,wherem said tagged cells further comprise an 

imaging agent. 

9. The method of claim 8, wherein said imaging agent is selected from flie 
group consisting of monocristalline iron oxide nanoparticle (MION). superparamagnetic 

10 iron oxide particles (SPIO), and ultm small superparamagnetic iron oxide (USPIO). 

10. The method of claim 8, wherem said imaging agent is used for imaging 
said tagged cells. 

15 11. Amethodofdelivering stem cells to a myocardial infarction in an 

individual, comprising the steps of: 

providing tagged stem cells, wherein said stem cells are tagged with 

annexin; and 

introducing the tagged stem cell into the vasculature of said individual. 
20 thereby delivering said stem cells to said myocardial infarction. 

12. \ The method of claim 11, wherem said stem cells are selected from the 
group consisting of MSCs and EPCs. 

13- A composition comprising: 

at least one linker moiety; and 

at least one target cell binding member. 

14. The composition of claim 13. wherein said target cell bindmg member is 
30 selected from the group consisting of amiexin. an antibody having specific binding 

affinity for carciac-specific troponin T. an antibody having specific binding affinity for 
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cardiac-specific troponin I. an antibody having specific binding affinity for skeletal 
mucle-specific troponin T. an antibody having specific binding affinity for skeletal 
muscle-specific tioponin I. and an antibody having ^cific binding affinity for myosin. 



15. The composition ofclaim 13, further comprising 



an unagjng ag^t 



16. The composition ofclaim 15, wherein said imaging agent is selected from 
the group consisting of MION, SPIO, and USPIO. 

10 17. An article of manufacture, comprising fee composition ofclaim 13, and 

mslructions for tagging cells with said target cell binding member using said linker 
wherem said cells are stem cells harvested from an individual. 

18. The article of manufacture ofclaim 17, finther comprising instructions for 
15 perfomimg an autologous transplant on said individual with said cells after said tagging. 

19. Isolated stem cells, wherem said stem cells are tagged with a heterologous 
target cell binding member. 

20 20. The stem cells ofclaim 19, wherein said stem cells are fiirther labeled with 

an unaging agent 
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ABSTRACT OF THE DISCLOSURE 

The invention provides for methods of directing cells to a damaged tissue or 
organ m an individual, and further provides for methods of monitoring such cells in the 
mdiv,dual. The invention also provides compositions for tagging cells such that the cells 
can be directed to the damaged tissue or organ. In addition, the invention pn,vides for 
isolated stem cells that have been tagged such that the tagged cells can be directed to a 
damaged tissue or organ. 
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